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Received for publication 4 May 1972 Enterobacteriaceae share a common antigen (CA). This antigen exists as a powerful immunogen, when produced by Escherichia coli 014, and as a minimally effective immunogen, when present in cultures of most other smooth strains. The present study was The antibody specificity of selected serum specimens was ascertained further by hemagglutinationinhibition tests as described previously (17) . Briefly, serum in twofold serial dilutions (0.2 ml) was mixed with CA obtained from an organism other than that used for immunization of the animals or as source of indicator antigen, e.g., E. coli 014. The mixtures were incubated in a water bath at 37 C for 30 min.
Antigenically modified erythrocytes were then added, and the hemagglutination test was completed as described above.
The CA activity of materials used for immunization (bacterial suspensions, culture supernatants, and ethanol fractions) was determined in accord with the previously described hemagglutination-inhibition procedure (18) . The antigen in serial twofold dilutions (0.2 ml) was mixed with 2 to 4 minimal hemagglutinating units of CA antiserum. The mixtures were incubated in a water bath at 37 C for 30 min. Erythrocytes modified with CA were then added. The test was completed as described above.
To avoid confusion and pending the availability of a definitive nomenclature, the same terms, such as E. coli R1 core, are used here as in previous publications (9, 12, 13) .
RESULTS
The first series of experiments was undertaken to determine the immunogenicity of the CA of viable and heat-killed (100 C, 1 hr) suspensions of various Enterobacteriaceae. Smooth strains and rough mutants derived therefrom were selected for these immunization studies. All strains were shown to produce CA in vitro. The results of representative experiments are summarized in Table 2 . Perusal of the table indicates that striking differences exist in the immuno- The difference found between heat-killed and viable bacteria is surprising, since isolated CA is known to be heat-resistant (14, 16) . Also, data from Table 2 show that viable cells of the smooth strains of Enterobacteriaceae, in contrast to the corresponding R strains, were at best minimally or slightly effective as immunogens, whereas heat-killed suspensions of the same organisms did not engender CA antibodies in significant titers. In view of the observation that a few smooth strains of Enterobacteriaceae engendered CA antibodies, it was desirable to determine the immunogenicity of additional strains. The results are recorded in Table 4 . It may be seen that it is the ethanol-soluble fraction of the S form and the ethanol-insoluble fraction of F470 that are immunogenic. Thus, E. coli Rl-mutant F470 resembles E. coli 014 in both immunogenicity and ethanol-insolubility. Also, immunogenicity is not related solely to the amounts of CA present in the antigens used for immunization, as may be seen from the data recorded in Table 4 . In fact, the ethanol-insoluble fraction of the E. coli RI strain contained less CA than the nonimmunogenic ethanol-soluble fraction, indicative of qualitative differences.
The demonstration of greater immunogenicity of CA present in viable rather than heat-killed suspensions of certain Enterobacteriaceae raised the question whether viability of the organisms per se accounts for these findings. The immunogenicity of the prototype of the E. coli R2 core, strain F576, was determined using viable cells and cells killed at various temperatures and by different chemicals. The results are summarized in Table 5 . It is clearly evident that the suspension heated at 100 C was significantly less immunogenic than all other killed suspensions used. Thus, viability itself is not indispensable for enhanced immunogenicity of CA of these bacterial suspensions. Cultural examination confirmed the loss of viability by the procedures used.
The possibility was considered that the greater immunogenicity of viable rather than of killed Although heated suspensions of most strains of Enterobacteriaceae fail to induce the formation of CA antibodies in high titers upon intravenous injection into rabbits, they prime the animals immunologically, as evidenced by the fact that injection of a subeffective dose of immunogenic antigen is followed promptly by the production of antibodies in high titers (11, 18) . It was of interest, therefore, to determine whether heated suspension of E. coli R2-and R3-core-type mutants also exert such a priming effect. Groups of rabbits were injected intravenously with the heated (100 C, 1 hr) suspensions of the strains, as outlined above. On day 14 (5) . Preliminary observations in human subjects have indicated that CA prepared from E. coli 0111 is well tolerated upon intravenous injection in human volunteers and results in the production of CA hemagglutinins in high titers (6) . Fourthly, this antigen is of basic immunological interest since it exists in two forms, one highly immunogenic and the other poorly immunogenic. It was the aim of the present study to identify the immunogenic potential of various strains of Enterobacteriaceae, both smooth and rough and both viable and killed. The investigation has revealed that heat-killed suspensions of smooth strains of Enterobacteriaceae are only minimally immunogenic. Rough mutants differ in their immunogenicity, killed suspension of the RI mutant of E. coli and S. boydii type 3 being highly immunogenic in contrast to mutants of the R2, R3, Ra, Rd, and Re types. In addition, it has been shown that heating at 100 C for 1 hr markedly diminishes the immunogenicity, but not the antigenicity (antibody-neutralizing capacity), of the R2 mutant, but not of the RI mutant. The reasons for these striking differences in immunogenicity of CA of various R mutants containing the identical antigenic determinant are the subject of the companion paper (10) . It may be pointed out, however, that immunogenic CA of the RI mutant, similar to that of E. coli 014, is ethanol insoluble, whereas immunogenic CA produced by the wild-type strain of E. coli 08 is ethanol soluble.
Further investigations are necessary to explain the differences in immunogenicity between killed and viable suspensions of certain strains. It has been shown here that viability per se is not responsible for the greater immunogenicity of the viable suspension, since killing at a lower temperature (60 C) as well as killing by certain chemnicals, such as Merthiolate, formaldehyde, and phenol, reduces immunogenicity to a significantly lesser extent than heating at 100 C.
It remains to be determined to what extent, if any, multiplication in vivo, antigen uptake or antigen processing, or both, account for the observed differences in immunogenicity between viable and killed suspensions. It will be of interest, also, to determine whether CA-free lipopolysaccharides of E. coli RI-core type and E. coli 014 lack immunosuppressive activity, in contrast to lipopolysaccharides obtained from smooth strains. Finally, the possibility should be considered that immunogenicity of certain viable smooth strains of Enterobacteriaceae might be due to the presence in small numbers of R mutants, and that it is the latter rather than the smooth cells that account for CA immunogenicity.
